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THE  BABOirjsi'I  ST  ST  AH 

General 

If®  have  had  occasion  sine®  1929  to  help  with  experiments- 
tlon  and  development  of  a new  method  of  constructing  works  of  dry 
rubble  masonry  reinforced  by  metallic  braces  or  frames,  whose 
special  arrangement  is  of  general  interest. 

The  use  of  this  system  of  bracing  called  "The  deboget 
System*  gives  dry  rubble  masonry  structures  a particular  resit- 

•;v.  ' *;■  • ■ O 

tance  and  allows  the  use  of  material  of  smaller  size  than  ordi- 
nary, supplanting  almost  entirely  all  sorts  of  dry  masonry. 

This  interesting  invention  seems  especially  adapted  to  the 
construction  of  checks  in  ravines  and  barriers  of  any  size  in 
torrential  streams. 

Description  of  the  system 

Essentially  the  system  consists  in  setting  against  the 
facing  of  a dry  masonry  structure,  a mettalic  gridiron  or  panel 
which  is  solidly  anchored  upstream  oy  means  of  a series  of  heavy 
wire  cables  fastened  at  the  other  end  to  that  portion  of  the  rein- 
forcing called  the  "anchorage",  which  is  ballasted  with  large 
rocks,  (fig.  1). 

Tie  gridwork  or  panel  a-c*  the  anchorage  e-f,  the  connect- 
ing cables  and  the  rockwork  are  placed  simultaneously  (and  later 
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the  whole  is  completed  by  the  deposition  of  an  alluvial  fill)* 

It  ie  evidently  the  framework*  grids,  cables  and  anchors 
which  constitutes  most  of  the  strength  of  the  structure.  Once  de- 
position starts,  whether  it  nay  consist  of  terracing  in  a ravine  or 
actual  sedimentation  in  a river,  the  whole  becomes  a reinforced  mono- 
lith in  which  are  burled  the  cables  and  the  anchors,  and  experience 
has  shown  that  the  framework  dose  not  move  even  under  the  action  of 

;#  i v 4.  - *•;  r-'. 'v 7.  • '*  * ' ’• 

strong  currents.  All  one  has  to  do  under  these  conditions  is  to  give 
the  dry  rubble  wall  a rough  outline  and  to  use  material  of  smaller 
size  than  usual  with  the  sole  reservation  that  it  cannot  pass  through 
the  grid. 

The  advantages  of  reinforced  dry  rubble  over  ordinary  dry 
rubble  may  be  compared  to  the  great  advantage  which  reinforced  con- 
crete has  over  cut  stone  masonry.  Tae  reinforced  dry  rubble  as 
with  concrete  permits  the  utilization  of  smaller  material  and  simpli- 
fies the  construction. 

One  may*  in  many  cases,  back  or  line  the  grid  with  the 
largest  rock,  completing  the  embankment  with  the  balance  of  the 
material  derived  from  the  excavations. 

Construction  by  benches 

One  of  the  principal  characteristics  of  "leboget"  works  is 
the  construction  of  dams,  weirs  and  other  similar  works  in  steps 
or  benches.  This  bench  construction  is  due  to  the  fact  that  the 
grids  art  necessarily  limited  in  height.  In  actual  practice,  an 
average  panel  height  of  75  cm  to  1 meter  (2^  to  3i  feet)  is  snown 
to  be  quite  satisfactory.  A network  of  greater  height  than  this 
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above  the  stre&mbed  would  naturally  cause  inconvenience  in  placing 
the  material  and  further,  the  moments  of  gravity  and  resistance 
would  be  hard  to  overcome  (the  strain  on  the  uprights  requiring 
heavier  steel;  number  and  complication  of  horizontal  cables,  etc*) 
Structures  of  a fixed  height  may  he  stabilized  without 
difficulty  by  building  successive  benches  which  will  result  in  a 
structure  whose  equilibrium  nay  be  expressed  as  follows: 

the  hatched  section  (Tig*  3)  1*  in  static  equilibrium  by 
itself,  the  use  of  the  framework  being  reduced 

1,  to  maintain  the  equilibrium  of  the  dotted  portion, 
which  evidently  is  assured,  no  matter  how  high  the  structure  may 
be,  by  a light  framework 

2*  to  hinder  the  water  which  eeeps  through  the  structure, 
as  indicated  by  the  arrows,  fron  washing  out  the  filling  material, 
which  Is  accomplished  by  the  dry  rubble  supported  by  the  panels* 
fhe  top  and  the  bottom  of  each  bench  may  be  tied  by  the 
cables  directly  to  the  anchorage  (Tig*  3)  or  to  the  base  of  the 
panel  of  the  next  higher  bench  at  the  same  place  where,  in  turn, 
its  anchor  cables  are  attached  (Fig.  4,  the  3 lower  benches).  This 
latter  disposition  of  cables  gives  an  indirect  but  continuous  con- 
nection to  the  anchors  through  the  low^r  branches  of  the  cables  for 
the  upstream  panels* 

Evidently  It  is  not  advantageous  to  build  structures  made 

up  of  more  than  three  or  four  benches  at  the  most,  as  this  would 
raise  too  high  an  embankment • On  the  other  hand,  if  natural  silt- 
ing it  allowed  to  take  place  structures  may  be  built  of  any  height 
desired.  In  salts  of  their  height  these  works  are  nevertheless 
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C.  and  D.  - Barrier  90  meters  (295*)  long  of  reinforced  dry  rubble  masonry 
in  a torrential  river  of  the  Basses-Alpes  (The  anchorage  level 
is  shown  at  bb). 


A,  - Small  dams  of  reinforced  dry 

rubble  masonry,  showing  construc- 
tion in  stages. 
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solid,  due  to  %he  suM  iris  ion  of  the  strains  of  th*  entire  as- 
sembly. 

further,  in  the  case  of  dans,  the  overflow  is  broken  up 
in  such  a manner  that  the  risk  of  undercutting  is  considerably 
lessened.  Besides,  it  may  be  noted  that  new  benches  may  be  added 
to  existing  structures  either  on  the  downstream  or  the  upstream 

side. 

the  section  shown  in  fig.  3 ^pclies  either  to  weirs  or  dess, 
but  the  system  may  be  used  to  build  other  sorts  of  structures  suca 
as  retaining  walls  or  longitudinal  dikes. 

Constitution  of  the  panels  of  the  frame work 

The  panels  are  made  of  16  x 7>  m®  (^/4  x l/g")  fl?t  iron  uo- 

!.•§  con^tT  vi.  v 

rights  75  era  (2V1)  to  1 m (3i* ) high,  spaced  30  (12*0  epart. 

This  flat  iron  ie  drilled  and  is  traversed  by  5 or  6 ftm  (3/l6H) 
round  bars  spaced  vertically  8 to  10  cm  (3  to  4*). 

The  cables  are  attached  to  the  uprights  at  both  top  and 


bottom. 


It  has  been  found  through  trial  that  this  type  of  framework 

wr  T . Vv  ■'1>?  w 

which  it  ideal  for  structures  protected  from  heavy  battering  by 
large  ooulders  (as  for  instance,  barriers  of  eny  site)  was,  on  tae 
other  hand  too  weak  to  be  used  in  structures  which  may  be  called 
on  to  withstand  the  shock  of  large  boulders. 

Accordingly,  during  the  course  of  various  trials,  the  fist 

creased  and  in  certain 


w«  of  Both  the  flat  and  the  round  iron 

v 


cases  Tee  bars  were  substituted  for  the  flat  iron,  at  least 


be  1 


partially. 
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B.  - Small  dams  of  reinforced  loose  rock  show- 
ing construction  in  stages* 


E. 


Small  check  dam  of  reinforced  loose  rock, 
after  having  been  silted  up* 
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One  must  not  lose  sight  of  the  feet  that  it  is  useless  to 
increase  excessively  the  size  of  the  steel  for  this  will  augment 
greatly  the  cost  of  the  structure,  one  of  whose  chief  advantages 
is  its  cheapness*  Moreover,  any  other  form  of  panel  which  nay  seen 
more  advantageous,  nay  he  substituted  for  this  one,  for  the  main 
feature  of  the  "Eeboget*  systen  is  the  connecting  cable  and  the 
anchorage.  The  static  thrust  on  the  base  and  the  face  and  eventu- 
ally the  thrust  on  the  abutments  of  a tnasonrv  or  concrete  structure 
is  replaced  her©  by  a dynamic  thrust  on  the  connecting  cables 
fastened  to  an  anchor  which  is  stabilised  by  a mass  of  heavy 
boulders. 

Whence  the  stress,  which  is  laid  on  the  importance  of  the 
strength  of  the  system  of  connector®  and  anchors* 

The  construction  of  the  panel  lands  itself  to  various  modi- 
fications. 

further  the  writer  as  well  ae  the  inventor,  has  considered 
the  use  of  expended  metel  as  well  as  solid  corrugated  sheets,  but 
no  trial  of  either  of  these  has  *«  yet  been  made.  A priori,  we 
feel  a preference  for  th*  original  style  of  panel. 

The  main  objection  which  is  usually  made  to  the  use  of 
metal  is  ite  tendency  to  rust. 

l&reention  has  been  taken  to  oetallie  circles*  This  hes 
been  remedied  by  the  use  of  galvanised  wire. 

We  have  adopted  the  same  material  for  the  wires  of  the  con- 
necting cablet  and  various  otner  tie  wires,  but  we  heve  not  tried 
anything  else  for  the  uprights  and  the  horizontal  members  of  the 
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In  the  first  place  red  lead  or  grey  "anti-rust*1  paints  give 
appreciable  protection  and  are  not  expensive, 

Experiments  have  been  tried  with  cooper  bearing  steel 
(notably  Apso)  which  seem  interesting. 

Other  trial®  will  be  made  using  other  metals  which  are 
rustless  in  varying  degrees  (suer  as  Duraoso,  A.P.S.  5*  Handel 
copper  bearing  steel,  etc.)  This  is  merely  mentioned  in  passing 
end  no  further  mention  will  be  made  of  them,  as  the  experiments 
are  either  in  preparation  or  are  too  recent  to  permit  the  drawing 
of  conclusion®. 

te  have  also  considered  using  Armeo  pure  iron  which  is 
free  of  carbon  and  very  slightly  subject  to  rusting:  but  it  ha® 
the  great  defect  of  not  being  readily  available  on  the  market 
and  of  costing  much  more  tnan  ordinary  iron. 

However,  undue  importance  must  not  be  attached  to  the  ques- 
tion of  the  indefinite  life  of  metal  and  we  must  consider  that  we 
are  not  demanding  from  these  structures  any  greater  length  of 
life  than  may  he  expected  from  regular  masonry  works.  They  are 
destined  to  give  temporary  results  such  a.®  depositions  of  soil 
and  rectification  of  channels  which  cannot  be  achieved  definitely, 
as  foresters  well  know,  except  by  the  introduction  of  vegetation. 
Frameworks  of  galvanised  iron  or  of  special  more  or  less  rust- 
proof iron  may  last  ?0  years  at  least,  a period  sufficient  to  per- 
mit the  soil  deposit  to  be  fixed  by  vegetation. 

Co’nogrison  with  wire  mo9h  cribbing 


"tractures  made  of  reinforced  dry  rubble  masonry  may  be  cot- 
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pared  to  others  formed  of  Tire  nesh  cribs. 

It  is  a fact  that  to  date  metallic  cribs  comprise  the  only 
use  of  metal  in  the  construction  of  rustic  works*  Also  it  i«  in- 
teresting to  compare  the  advantages  and  disadvantages  of  one  system 
with  the  other. 

It  is  recalled  that  a crib  (gabion)  consists  of  a.  sort  of 
box  usually  rectangular  in  shape,  made  of  heavy  galvanized  wire  mesh, 
which  is  filled  with  rock,  without  any  other  binding  medium*  These 
cribs  are  made  in  various  si&es,  whichj permits  the  assembly  of 
rustic  masonry  works  of  all  shapes  and  dimensions. 

The  principal  advantage  of  structures  made  up  of  these  cribs 
is  that  they  are  at  once  solid  and  homogenous  yet  have  some  flexi- 
bility. 

By  this  flexibility  cribs  are  adapted  to  torrential  flows 
which  would  cause  the  ruin  of  a rigid  structure  made  of  other 
material. 

After  these  works  have  silted  up  a compact  mass  is  formed 
which  tne  force  of  the  water  cannot  dislodge  or  carry  away. 

However,  in  order  to  give  a structure  composed  of  cribs,  a 
sufficient  stability,  one  must  lay  them  lengthwise  and  place  them 
on  sills  or  flat  cribs,  thus  forming  a putting  out  base,  which  as  it 
settles  is  designed  to  fill  up,  to  some  extent,  the  space  caused  by 
•undercut ting.  All  this  leads  to  structures  of  a size  relatively 
large  which  are,  by  this  fact,  great  consumers  of  rock.  This  neces- 
sitates greater  expenditure  for  labor  in  their  construction. 

If  the  cribs  are  flexible,  this  flexibility  may  cause  too 
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frequently,  deformations  which  ere  not  presiissible  in  such  structures. 

The  presence  of  horizontal  partitions  will  cause  the  structure 
to  sink  in  a body  when  settling  takes  place. 

Reinforced  dr;,'  rubble  acts  differently.  / ith  it  there  is  a 
sort  of  internal  flexibility,  settling  exerts  only  a slight  strain 
on  the  connecting  cables  and  produces  out  slight  displacements  of 
the  grids,  which  remain  vertical.  This  maintains  the  equilibrium  of 
the  structure  and  ^ives  it  a better  appearance.  This  advantage  is 
particularly  noticeable  in  ravines  where  structures  built  of  cribs 
ere  washed  from  their  foundations,  roll  in  every  direction  and 
really  are  more  harmful  than  useful. 

In  any  case,  since  the  connecting  cables  are  buried  in  the 
silt,  they  are  not  exposed  to  the  scouring  action  of  bed  load  or 
shocks  from  boulders,  a circumstance  which  assures  a longer  life 
to  Reboget  structures  than  to  check  dams  built  up  with  wire  mesh 
cribs. 

In  practice,  however,  it  is  recommended  that  the  better 
features  of  the  wire  mesh  crib  and  the  Reboget  systems  be  combined. 

In  the  case  of  barriers  for  example  it  is  interesting  to 
top  tnem  off  by  cribs  placed  lengthwise  of  the  axis  of  the  structure 
and  which  ao  placed  will  follow  to  the  best  advantage  the  reduction 
in  grade  of  the  stream  bed,  frequently  very  noticeable,  at  the  end 
of  a weir  and  gives  added  safety  from  currents  striking  the 
structure  in  on  unforeseen  direction. 

^ams  of  reinforced  dry  ruVole  uhoto  2) 

The  forester  who  is  engaged  in  the  work  of  controlling 


-12< 


.«8tJGr4©iri4*  ..  !\c<a  ffi  : -mrr  ‘5  m ds 4 .dir  t'vJ  tfiiam,  sil 

QWtesftte  *d$  4t  jao  tlm  •jm1*X4<umi  Ijaar^sitoii  te  witf 

.«£••:•  fry  •.:.-5>  :.;.1  ;-..esx  > cU m ;■:  ■ • • ;.->ctf‘  3 ’■/  .y'ju*  •'  t 
3 »4  3*x9s&  v . ; 41  ‘ •> '.; ??  tio&n.  ;’'  ' tooTOlaicw 

ai  rvs  . ' ..  i! * - .‘'no  aJ7&;re  . .'  •*  .•  *•  , -yHXio  : \£*n  i i$v  '.  1c  ' tos 

'to  ft4oaM94l<.:$isv  3 it  .v ►•n^xio^q  Uni*  ,.«ai 4oo*xno©  *d4  r.-.fi 

‘ C>  - ' : '.  •.-  T « •-■■:?  'Iff  v I , -■■ 


ai  &■  .^‘ofcjm-'H  ri,: 

*«  its  '5to  4I.Li/j5 
U-..B  rto/vO^t 


. r ■'  ' - '■:  v •■:;  • ’*  r ■ ' •■  : :'  " ' J ''JU'~  •: 

tted*  z.l  4., <£«*»&£ v oit  yl luL^xti.^cr 

ir  rsavo  - * JCXoi  ri>ij©i.t.®4HUfC*  ifc'- 1 


,i:.s‘V:QV  £;•«!., t .fr/V-Xrtfi  »'Xf4'  !&'*•.'  V,i  ^81 

3413  Ci  *91  •••■  teltMO  jgffi  ?©*»*#&  »H3  ,00  BO  %il.t  St  I 

1.0  u*c/  •'••::  *•>:•  jcut-s  %u Iisjoo*  of  >®9 eel 8 a4*-  ?•  v«,i4  #4I4*: 

5%il  a ffvn/aax  d:> hiw  ®oofc4a#;i.fo'fi‘o  n aiocxia 

dsaw?  «s*Jhr  d4i»  uj  4l.4x.rc  :rfo«aa  cC  fi*aL4  »eittf«tOJr£4«  $o$ec*:i  o4 

* ' -.  1 TC  - 

<X»4  4-*:>flf  ?tu  •:  •.;  >vr>ci©t. ?co*%  •?/  44  ,«#  4 ;•! 


o#  ni  i i «*j>jr,*x9  *t€*l  r’c  m .*o  ft  I 

9t&$n2ttf8  ■■■ifJ  'ifi  r'i'  i '4  f>*-: . .-  i»o«Ic"  atixio  yo  Tt<>  x».«ki4  rro4 

' 8 . ■ • ■.  • • . 

, ■ ■ ' • \:  -■'  . -.  r ; ■■  ■■■'.:■ - I ■■  ■::.  c ,c  v . : ....  w|. 

a j-£-?  ? in^iciatr/  :i«  H*Xa  Iaa  44 n tc 

* ,:  ••:• ..:  • • -•  *v . • . • -,  :*  ••  ■ •■  8 *w  ' ? ? j i i • .;■•  .-  4 *» ■ ' ■ :?  •'V ; • j -T  s. 

(|^  c4qx4."»;  /f(jiixrx  :-x .,_  b£?;nc; 

lo  ^itow  8^4  «i  »4  ©4fe? 

...c  ; . 


ravines  may  use  the  Hebo^tt  system  for  the  construction  of  works  in 
stages  or  benches,  to  which  it  is  particularly  applicable  (Photos 

A and  b). 

If  the  ravine  contains  rock  which  is  large  enough  to  cut 
and  is  suitable  for  the  purpose,  iue  best  suggestion  is  to  build 
dry  rubble  structures;  but  if  the  rock  is  smaller,  they  are  not  to 
advisable.  In  the  case  outlined,  reinforced  dry  rubble  is  dis- 
tinctly preferable  to  ordinary  dry  rubble.  Structures  made  of  the 
latter  will  be  loosely  constructed,  have  a relatively  short  life, 
and  will  be  comparatively  heavy. 

If  a forest  which  ie  in  need  of  thinning  ie  near  the  ravine 
which  is  to  be  treated  (thie  is  frequently  the  cate  in  the  course 
of  reolarting)  small  structures  may  be  constructed  using  timber 
cribbing,  broken  stone  and  wire,  These  works,  however,  are 
neitner  very  stable  or  long  lived.  On  the  whole,  they  use  con- 
•ihera  Ae  wood  and  stone  and  are  expensive. 

tfhen,  however,  the  rock  is  small  or  of  poor  quality  and 
there  is  no  timber  in  the  vicinity  of  the  site,  then  the  fcaboget 
system  is  called  on  for  service. 

Small  heboget  dams  are  very  slightly  subject  to  deformation 
and  present  an  excellent  apoe^ ranee  due  to  the  disposition  of  the 
framework  whereby  the  face  of  the  d«ua  must  conform  to  ita  vertical 
placement. 

The  metal  is  protected  throughout  from  the  wear  whicn 
might  result  from  the  friction  of  drift  materiel. 

Experience  has  shown  that  keboget  dams  resist  perfectly  the 
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undercutting  at  the  foot  of  the  lower  framework. 

we  have  mentioned  before,  there  is  nothing  to  hinder  the 
construction  of  additional  benches  at  the  toe  of  the  structure 
(fig.  6)  except  that  this  operation  will  add  to  the  work  the  im- 
pression of  badly  contrived  oetchwork. 

One  finds  in  the  dry  Alps  numerous  little  ravines,  cutting 
into  the  clays,  which  carry  large  quantities  of  small  sised  gravel 
wxiich  they  deposit  in  the  villages  or  on  roads. 

These  ravines  do  not  have  a very  great  discharge  and  do  not 
cause  very  serious  erosion  but  they  are  annoying  by  reason  of  their 
deposits  which  always  accumulate  at  the  same  places  and  cannot 
reach  the  river  on  account  of  the  thickening  of  the  deposits  due 
to  the  disaopearance  of  the  water  into  the  soil  down  through  the 
gravels,  Sucn  ravines  are  a source  of  considerable  expense  to 
higawav  commissioners  and  could  be  easily  controlled  by  creating 
one  or  more  debris  basins  in  their  drainage  in  conveniently  chosen 
soots. 

These  debrie  storages  can  be  constructed  advantageously  by 
means  of  © series  of  Eeboget  dams,  built  successively  one  after 
the  other  as  check  or  debris  dams. 
reinforced  dry  ruoole  masonry  in  rlvwrs. 

Keboget  frameworks  may  be  used  equally  well  in  the  construc- 
tion of  protective  works  in  torrential  rivers.  A number  of  this 
type  of  barriers  has  been  built  under  the  direction  of  M.  Raynaud, 
engineer  of  the  T.P.E.  in  the  torrential  river  Asse,  left  tributary 
of  the  Thirence,  which  is  subject  to  dengerous  floods.  **©  hnve 
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closely  followed  the  construction  of  one  of  these  structures  which 
is  9°  meters  (295*)  long  which  is  designed  to  protect  the  arable 
land  around  Saint  Julien  d’Aese. 

The  structure  has  withstood  several  heavy  floods  without 
any  damage  in  that  portion  which  was  made  of  reinforced  dry  rubble. 
Only  the  crest  which  was  made  of  gabions  has  been  subject  to  some 
slight  damage  (Photos  C and  0). 

The  cross-section  of  this  structure  has  been  shown  in  Fig.  3* 
Here  the  anchorage  which  consists  of  a panel  similar  to  the  main 
vertical  gri&*  has  been  merely  laid  on  the  groxmd  inclined  upstream 
and  ballasted  with  heavy  boulders. 

Economy  of  the  system 

One  of  the  advantages  of  the  fieboget  reinforced  dry  masonry 
system  is  the  smallness  of  its  net  cost. 

The  trials  made  in  the  Asse  Valley  (weirs  and  dams)  have 
shown  a saving  of  about  50,*  compared  with  works  of  the  same  use- 
fulness made  of  ordinary  masonry  or  of  metallic  cribs. 

Under  these  circumstances,  considering  their  life  and 
solidity,  the  cost  of  Reboget  structures  is  very  advantageous 
especially  where  rock  is  ecarce,  small  or  of  poor  quality* 

CONCLUSION 

The  application  of  this  interesting  invention  in  which  we 
have  been  very  much  interested  since  its  first  trial,  is  to  a con- 
siderable extent  the  work  of  our  friend  . Raynaud,  T.P.2. 
engineer  at  kontelimar. 

It  has  been  patented  in  France  (No.  67^209)  and  in  various 
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foreign  countries. 

A company  to  operate  under  this  patent  is  being  formed, 
which  expects  to  continue  the  experiments  set  forth,  particularly 
concerning  a rustless  metal  which  is  best  adapted  to  the  required 
conditions  (working,  life,  net  cost,  etc.) 

As  to  the  use  which  foresters  may  make  of  it,  this  rein- 
forced dry  rubble  seems  to  us,  by  reason  of  its  moderate  cost, 
called  upon  to  render  appreciable  service  in  reforestation  for  the 
correction  of  secondary  ravines  which  do  not  carry  heavy  boulders 
and  where  ordinary  dry  rubble  would  give  poor  results. 

£.  Genet 

Insnector  of  Forests  and  Water 
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